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The NA60 experim ent is a xed-target experim ent at the CERN SPS.It has m easured the
dim uon yield in Indium {Indium collisionswith an In beam of158AG eV/cand in p-A collisions
with a proton beam of400 and 158 AG eV/c. The results allow to address three im portant
physicstopics,nam ely thestudyofthe spectralfunction in nuclearcollisions,theclarication
ofthe origin ofthe dim uon excess m easured by NA50 in the interm ediate m ass range,and
the J/ suppression pattern in a collision system dierentfrom Pb-Pb.An overview ofthese
resultswillbe given in thispaper.
T he N A 60 experim ent.Them easurem entofdim uon production isa key toolto gain insight
into ultra-relativistic nuclear collisions. However,the im portance ofthe dim uon data depends
strongly on theresolution oftheexperim entalapparatus.W hiletheNA50 experim entm easured
theJ/ suppressionpattern asafunction ofcentrality in Pb{Pb collisions,itsm assand vertexing
resolutionswere notsu cientto addresstwo otherim portantphysicstopics,nam ely theshape
ofthein-m edium spectralfunction ofthe m eson and theorigin ofthedim uon excessobserved
by NA50 in the interm ediate m assregion (IM R,1.2-2.7 G eV/c2).
TheNA60 experim entinherited from NA50 them uon spectrom eter(M S)form uon trigger-
ing and tracking,and the Zero Degree Calorim eter (ZDC),which m easuresthe energy carried
forward (at0)by the spectatornucleons,to evaluate the centrality ofA{A events. Two com -
ponentswereadded:beforethetarget,a beam scope(BS)m adeoftwo pairsofcryogenicsilicon
strip detectorsdeterm inesthe beam im pactpointon the targettransverse plane with a 20 m
resolution;after the target,a vertex tracker (VT),m ade of16 planesofradiation-hard silicon
pixeldetectorsem bedded in a 2.5 T dipolarm agnetic eld,m easurestracksand theirm om enta
beforethey su erm ultiplescattering in theabsorber(fordetailson theNA60 apparatussee1).
Tracksin theVT arem atched (both in m om entaand in coordinatespace)totracksm easured
in them uon spectrom eter.Thisproceduregreatly im provesthem assresolution,particularly in
the low-m assrange (20 M eV/c2 atthe ! m ass,to be confronted with NA50 80 M eV/c2).This
allows to resolve and evaluate the di erent contributions to the dim uon spectrum below 1.2
G eV/c. M oreover,itispossible to determ ine the o setbetween m uon tracks and the prim ary
interaction vertex with a precision of 40 m for20 G eV/c m uons. Thisis su cientto dis-
crim inatebetween m uonscom ing directly from the reballand m uonsoriginated by secondaries
decaysin theinterm ediate m assrange.
Theresultsreported in thispaperwereobtained from theanalysisofdata taken in 2003 for
In{In collisions at158 AG eV/c,and in 2004 forp{A collisions at158 G eV/c. The choice ofa
colliding system di erentfrom Pb{Pb m akesitpossibleto search forthescaling variablewhich
drives the onsetofthe J/ anom alous suppression. M oreover,p{A data at158 G eV allow to
com pare p{A to A{A data withoutsystem atic errorsderiving from the energy rescaling.
T he low m assregion.Thenetopposite-sign dim uon spectrum below 1.4G eV/c2 hasbeen
obtained from theraw m assspectrum by subtraction ofcom binatorialbackground and ofsignal
fakem atchesbetween tracksin theM S and in theVT.Fourcentrality classeswerede ned viathe
charged particlem ultiplicity m easured by theVT.M ostperipheraldata (4 < dN ch=d < 30)are
wellreproduced by thecocktailofexpected electrom agnetic decaysoftheneutralm esons,while
form orecentralcollisionsastrongexcessappears,whoseshapeisnotknown a priori.Thanksto
thehigh data quality,itispossibleto isolate thisexcessby subtracting from thedata a hadron
cocktailwithout the  (see2),whose spectralshape is expected to be m odi ed in the  reball.
The resulting excess isshown in Fig.1 (left) forsem icentralcollisions (110 < dN ch=d < 170):
itischaracterized by a peaked structure centered on the nom inal m ass,which broadensand
increaseswith centrality and resideson a wide continuum .However,a quantitative analysisof
theexcess(fordetailssee3)dem onstratesthattheratiobetween thecontinuum -subtracted peak
and the obtained from thecocktail tdecreasesby alm osta factor2 from m ostperipheralto
m ostcentralbin.Thism eansthattheexcesscan notbesim ply interpreted asthecocktail on
top ofa continuum .













































Figure1:Left:com parison ofexcessm assspectrum (black triangles)with nopT cuttom odelpredictionsm adefor
In-In atdN ch=d = 140 (sem icentralbin).Cocktail (thin solid),unm odied  (dashed),in-m edium broadening

5, in-m edium m oving  related to4 (dashed-dotted),uncorrelated charm (thin dashed). Errors are purely
statistical. The open data points show the excess resulting from a decrease ofthe subtracted  yield by 10% .
Right:Teff from an exponentialtto the pT window 0:6  2 G eV/c vs.m ass.The open circle pointsare the !
and  tem peratures. Fullcircle pointsare obtained from a dierentanalysis ofthe IM R up to 2.5 G eV/c2 (see
g.2).Theline istheexpected tem peratureon thebasisofa lineardependenceon m eson m assasdeterm ined by
the NA49 system atics
7
.
Asshown in  g.1 (left),them oving m assm odelrelated to Brown/Rho (BR)scaling isruled
out. The qualitative featuresofthe excessm assspectra are consistentwith the interpretation
as directtherm alradiation from the  reball,dom inated by  annihilation. M odels based on
the in-m edium  broadening scenario and which take into account the role ofbaryons in the
broadening5 areabletoreproducequantitatively thedatabelow 0.9G eV/c.Forthem assregion
above 0.9 G eV,data seem to be described equally wellby introducing 4 hadronic processes
sensitiveto vector-axialvectorm ixing (and thereforeto chiralsym m etry restoration)orin term s
ofpartonic processes dom inated by qq annihilation. This feature could be a m anifestation of
parton-hadron duality.
The study of pT spectra presents further interesting features. The trend at sm allpT is
opposite to the  attening expected from radial ow ofhadronsproduced atkinetic freeze-out,
while it  attens as expected in the  m ass bin. M oreover,the Teff,obtained from  ts ofthe
m T spectra (see g.1 right)and plotted asa function ofm ass,showsa m axim um in the  like
region. Thism ay be attributed to the  produced atfreeze-out,which experiencesthe largest
blue-shift and thus the highest e ective tem perature. Besides that, it is worth noting that
the continuum above 0.9 G eV/c iscooler than the continuum below 0.6 G eV/c: thisseem sto
indicate thatthe two regionsare fed by qualitatively di erentsources.Itishoped thata  ner
theoreticalunderstanding ofpT spectra could serve as a handle to disentangle partonic from
hadronicsources(breaking parton-hadron duality).Fordetailssee6.
Interm ediate m ass region.To understand theorigin oftheexcessm easured by NA50 in
theIM R,NA60 hasm easured theo setofthem uon trackswith respectto them ain interaction
vertex. This distribution has been weighted by the inverted error m atrix from the vertex  t
and the m uon extrapolation (the com binatorialbackground was subtracted by event m ixing).
The resulting distribution is com posed oftwo com ponents,the Drell-Yan (i.e. prom pt) and
the open charm (o vertex)events. To evaluate each contribution,theirshapeswere obtained
from Pythia (details are given in8);then,the o setdistribution was  tted as a superposition
ofprom ptand o -vertex contributions. The  tparam eters are the coe cients by which each
contribution should bescaled in orderto describethedata.
The tfailsto reproducethedata iftheprom ptyield isforced to 1.1 theexpected Drell-Yan
yield,and the open charm isleftfree.In the leftpanelof g.2 both contributionsare leftfree:
in thisway,an accuraterepresentation ofdata isachieved.The tparam etersindicatethatthe
prom ptcontribution istwo tim eslargerthan expected:wecan then concludethattheexcessis
dueto a prom ptsource.
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Figure2:Leftpanel:tto theweighted osetdistribution whereboth theprom ptand theopen charm yieldsare
free param eters(1:16 < m  < 2:56).Right:m assspectra ofD rell-Yan and excess.The eective tem perature of




The naive hypothesisthatthe excesscould be due to an increased Drell-Yan yield isruled
outby the pT dependence ofthe ratio between the excessand the Pythia-generated Drell-Yan
(afteracceptance correction).Itrangesfrom 3 atlow pT,to 0.5 athigh pT,suggesting thatthe
excessisqualitatively di erentfrom Drell-Yan.Thisdi erence iscon rm ed by the com parison
ofthe excessand Drell-Yan m assspectra,shown in the rightpanelof g.2. The tem peratures
shown in the  gure are obtained from  ts in the range 0 < pT < 2:5 G eV/c: the system atic
erroron the tem perature determ ination hasbeen evaluated from  tsperform ed in di erentpT
rangesand turnsoutto beofthe orderof10 M eV (see also8).
J/ suppression in In-In. To m easure the am ount ofanom alous suppression,the J/ 
yield has to be com pared to a reference process. Traditionally, the Drell-Yan yield above
4 G eV/c2 has been used,butthis choice increases the statisticalerror due to the DY lim ited
statistics. To overcom e thislim itation and fully exploit the J/ sam ple,NA60 hascalculated
the reference spectrum expected in case ofnorm alsuppression only:the relative norm alization
between the calculated and m easured spectra is setto the value resulting from the J= =D Y
analysis (see9). The resulting suppression pattern is shown in  g.3 (left),com pared to the
results published by NA50 in Pb{Pb collisions: both sets ofdata departfrom the norm alnu-
clearabsorption linefor50 < N part< 100,suggesting thatN part could bewellsuited asscaling
variable between di erentcolliding system s. The data have been com pared to theoreticalpre-
dictionstuned forNA60 In{In collisions:none ofthem wasable to reproduce data,even ifthe
m agnitude ofsuppression isreasonably reproduced (furtherdetailsin9).
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NA51, pp,pd, 450 GeV
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Figure 3: Left: com parison between the In-In (NA60: square points) and Pb-Pb (NA50: triangle points) sup-
pression patterns. Right:Com pilation ofthe J= =D Y valuesm easured in p{A and A-A collisions atthe SPS,
rescaled,when necessary,to 158 G eV=c:The lines indicate the resultsofa G laubertto the p{A data and the
size ofthe error.The fullcircle indicatesthe prelim inary NA60 resultforp{A collisionsat158 G eV=c.
To evaluatecorrectly theanom aloussuppression,thenorm alnuclearsuppression (which can
be extracted from p{A data)m ustbe accurately known. However,up to 2004,p{A data were
available only forproton energiesof400 and 450 G eV/c:thisim plied thatthe p{A resultshad
to be rescaled to the energy ofnucleibeam s (158 AG eV/c),under the assum ption that abs
would notchangewith thebeam energy.In orderto elim inateuncertaintiesassociated with this
assum ption,NA60 hastaken p{A data atthe sam e energy ofthe Indium beam on a variety of
targets (Be,Al,Cu,In,W ,Pb and U).Up to now,a prelim inary estim ate ofJ= =D Y has
been obtained by averaging overthe di erenttargets. In  g.3 right,itisshown a com parison
ofthisresultto thepreviousm easurem ents(rescaled when necessary)asa function ofthem ean
length ofnuclearm attertraversed by theJ/ .TheNA60 averagepointcorrespondsto a length
hLi= 3:4fm and fallsalongtheinterpolatingband,corroboratingthecorrectnessoftherescaling
procedure and con rm ing the anom aly ofthe J/ suppression with respectto a pure nuclear
absorption scenario.
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